Computational workflows and pipelines are often created to automate series of processing steps. For instance, workflows enable one to standardize analysis for large projects or core facilities, but are also useful for individual biologists who need to perform repetitive data processing. Some workflow systems, designed for beginners, offer a graphical user interface and have been very popular with biologists. In practice, these tools are infrequently used by more experienced bioinformaticians, who may require more flexibility or performance than afforded by the user interfaces, and seem to prefer developing workflows with scripting or command line tools. Here, we present a workflow system, the NextflowWorkbench (NW), which was designed for both beginners and experts, and blends the distinction between user interface and scripting language. This system extends and reuses the popular Nextflow workflow description language and shares its advantages. In contrast to Nextflow, NextflowWorkbench offers an integrated development environment that helps complete beginners get started with workflow development. Auto-completion helps beginners who do not know the syntax of the Nextflow language. Reusable processes provide modular workflows. Programmers will benefit from unique interactive features that help users work more productively with docker containers. We illustrate this tool with a workflow to estimate RNA-Seq counts using Kallisto. We found that beginners can be taught how to assemble this workflow in a two hours training session. NW workflows are portable and can execute on laptop/desktop computers with docker, on a lab cluster, or in the cloud to facilitate training. NextflowWorkbench is open-source and available at
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Level of computational and programming experience of a user type system is also useful to experts because it highlights errors that could be missed and only 162 become apparent when trying to execute the workflow.
163
• A language that does not require the user to know or remember its precise syntax to use it. Such 164 languages can be built with language workbench technology to provide auto-completion that guides 165 beginners and experts. We have shown the effectiveness of these approaches to help beginners in 166 the MetaR project (Campagne et al. [2015] ) and were curious to find out if they could also help 167 with workflow development.
168
Process A NexflowWorkbench Process is illustrated in Figure 2 . A process consists of a set of inputs, 169 a set of outputs, and a script, which implements the processing of inputs to generate outputs. A Process defines inputs, outputs, an optional docker container, and a script. In the example shown, the process accepts an input called 'id' of type string. The string is used to query the Short Read Archive with the sra-toolkit and retrieve paired FASTQ files. Inputs must be available before the script can execute. Similarly to Nextflow, a process only executes successfully if the outputs it declared have been produced by the script execution. Notice how the Process incorporates graphical elements and colors to clearly mark different roles of the language elements. When a docker container is specified, as shown in this figure, the commands shown in the script will be executed inside the container. This semantic is implemented by the Nextflow execution runtime. NextflowWorkbench provides autocompletion for input arguments inside the script. This mechanism reduces the risk of typos in variable names and provides instant refactoring of variable names across the script when the workflow programmer renames an input variable.
In contrast to Nextflow, Processes in the NextflowWorkbench are created independently from a mechanisms to support this on-demand strategy, and make it easy to construct specific data resources. The 196 use of these mechanisms is shown in Figure 3 , where a simple requires block declares a dependency 197 on the KALLISTO INDEX data resource. The same approach also supports choosing and installing Figure 6 . Workflow A NextflowWorkbench Workflow consists of a set of inputs, references to processes and a 216 list of optional report clauses. Assume that a user wishes to program a workflow to automate the analysis 217 shown in Figure 5 . Figure 6 illustrates how such a workflow can be expressed with the NextflowWorkbench Download reads from SRA, run FastQC, and estimate counts against the human transcriptome with Kallisto. Produce a combine counts matrix. Workflow
FastqKallis toCounts with input: [ "SRR1514132 ", "SRR1514133 ", "SRR1514134 ", "SRR1514135 ", "SRR1514136 ", "SRR1514137 ", "SRR1514138 ", "SRR1514139 ", "SRR1514140 ", "SRR1514141 " ] ⇢ 8 . User Interface to Provision a Cluster in the Cloud. This user interface is implemented as an MPS language distributed with NextflowWorkbench. It makes it possible for an instructor to provision a cluster for a training session, or for a laboratory to provision a cluster for a large computation. The language exposes a few parameters of the cluster, and provides actions to create and destroy a cluster, obtain information about the nodes, or login to the cluster front-end. The "Grant Access" button can be used to configure the sets of users who may submit jobs to the provisioned cluster.
computational platforms (local execution, cluster and cloud). The structured file format makes it possible 300 to define tasks (analogous to Nextflow processes) and subsequently connect these tasks using input output 301 I/O connections. The Nextflow language supported by NextflowWorkbench seems more flexible than 302 simple I/O connections because it is possible to transform data produced by processes with a sequence 303 of functions (e.g., see the use of the toList() functions in Figure 6 ) before the data is provided to 304 a process. A large number of pre-defined functions are supported by Nextflow as well as user-defined 305 closures that can be used to process data in custom ways. This capability is not clearly apparent in the 306 version of the Kronos preprint available as of this writing. Kronos also aims to provide a system that 307 both beginners and experts can use, but does not provide a user interface and integrated development
